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(54) Fluid sensor 

(57) A fluid sensor includes a base body 2 having a 
vibrating portion 7, a piezoelectric element 3 which is 
fixed onto one surface of the vibrating portion 7 and has 
a piezoelectric film 4 and at least a pair of electrodes 
5a, 5b which are disposed in contact with the piezoelec- 
tric film 4, an electrode terminal 6 which is disposed on 
the surface of the base body 2 and electrically connect- 
ed to the pair of electrodes 5a, 5b, a coating material 8 



which is disposed on the surface of the base body 2 in 
the periphery of the electrode terminal 6; presser plates 
14a, 14b, and a sealing member 12 which is held be- 
tween the base body 2 and the presser plates 14a, 14b 
and formed so as to surround the electrode terminal 6, 
wherein the electrode terminal 6 is held gas-tightly and/ 
or liquid-tightly with respect to a fluid to be measured by 
holding the sealing member 12 between the coating ma- 
terial 8 and the presser plates 14a, 14b. 
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Description 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The present invention relates to a fluid sensor that actuates in a fluid, and more particularly to a fluid sensor that 
actuates in a corrosive fluid such as sulfuric acid, particularly in a lead storage battery or in a polar solvent tank. 

io 2. Description of Related Art 

A sensor device having a piezoelectric element or the like is used for the measurement of the viscosity of a fluid, 
the detection of solid particles in a fluid, the detection of vibrations, etc. For example, in the sensor device disclosed 
in U.S. Patent Application No. 08/560,658, a piezoelectric film and a vibrating portion are vibrated, and the viscosity 

75 of a fluid is measured in accordance with a change in the loss coefficient, the electric resistance, the reactance or the 
like of the piezoelectric film. In this example, since the piezoelectric film or the vibrating portion is in contact with the 
fluid, when the viscosity of the fluid is large, the piezoelectric film and the vibrating portion become small in amplitude. 
On the other hand, when the viscosity of the fluid is small, the piezoelectric film and the vibrating portion become large 
in amplitude. Then, when a voltage is applied to the piezoelectric film, a current corresponding to the amplitude is 

20 detected. In the case where Ihe viscosity of the fluid correlates with the concentration of the fluid or the density of 
components in the fluid, the concentration or the density of the fluid can be also detected. For example, aqueous 
sulfuric acid has a given correlation between the viscosity and the concentration, as well as a given correlation between 
the viscosity and the density of sulfuric acid. 

Also, the detection of solid particles in the fluid is proposed in U.S. Patent Application No. 08/443, 464 that discloses 

25 a particle sensor having a piezoelectric film. With the collision of particles in the fluid with a detecting portion having 
the piezoelectric film or a vibrating portion to which the detecting portion is fixed, the vibrating portion and the detecting 
portion vibrate, the piezoelectric film converts the vibrations into an electric signal, and a pair of electrodes between 
which the piezoelectric film is interposed outputs that electric signal. 

In the case of measuring the viscosity of the fluid, detecting the solid particles in the fluid, and detecting the vibra- 

30 tions by use of the above-structured sensor device, there is required that the sensor device is disposed in the fluid with 
the result that an electrode terminal for extracting a signal from the sensor device that actuates in the fluid to the exterior 
must be held gas-tightly and/or liquid-tightly with respect to the fluid. 

For the above reason, up to now, as shown in Fig. 5, a lead wire 11 is connected to an electrode terminal 6 : and 
its connected portion is then molded with an organic resin 30 or the like so as to be sealed such that the electrode 

35 terminal is held gas-tightly and/or liquid-tightly with respect to the fluid. 

However, in the above conventional method, because an adhesion of the organic resin to a ceramic material of 
which a base body of the sensor device is made is weak, there arises such a problem that the molding organic resin 
30 or the like is caused to be readily separated from the connected portion. 

40 SUMMARY OF THE INVENTION 

The present invention has been made in view of the above problems with the prior art, and therefore an object of 
the present invention is to provide a fluid sensor which is capable of readily and surely holding an electrode terminal 
for extracting a signal from the sensor device to the exterior gas-tightly and/or liquid-tightly with respect to the fluid. 

45 According to the present invention, there is provided a fluid sensor which comprises: a base body having a vibrating 

portion; a piezoelectric element which is fixed onto one surface of said vibrating portion and has a piezoelectric film 
and at least a pair ol electrodes which are dispose in contact with said piezoelectric film; an electrode terminal which 
is disposed on the surface of said base body and electrically connected to said pair of electrodes; a coating material 
which is disposed on the surface of said base body in the periphery of said electrode terminal; a presser plate; and a 

50 sealing member which is held between said base body and said presser plate and formed so as to surround said 
electrode terminal; wherein said electrode terminal is held gas-tightly and/or liquid-tightly with respect to a fluid to be 
measured by holding said sealing member between said coating material and said presser plate. 

It is preferable that the fluid sensor according to the present invention further comprises a lead wire that penetrates 
said presser plate; and an electrode connection member disposed on a top of said lead wire, wherein said electrode 

55 connection member and said electrode terminal are in contact with each other. 

It should be noted that the fluid is mainly directed to a liquid, more particularly to a high -corrosive fluid such as 
sulfuric acid aqueous used in a lead storage battery, a polar solvent such as water or a solution using the polar solvent. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, features and advantages of the present invention will become more fully apparent from 
the following detailed description taken with the accompanying drawings in which: 

Figs. 1 A and 1B show an example of a fluid sensor in accordance with the present invention, in which Fig 1A is 
a schematically perspective view of the fluid sensor, and Fig. 1 B is a schematically exploded view of the fluid sensor- 
Fig. 2 is a cross-sectional view explanatorily showing an example of a sensor device- 

Figs.3A to 3C show an example of a fluid sensor in which the periphery of a flat base body is sealed in which 
Fig. 3A is a schematically perspective view of the fluid sensor, Fig. 3B is a schematically exploded view of the fluid 
sensor; and Fig. 3C is a schematically cross-sectional view of the fluid sensor- 
Fig. 4 is a partially cross-sectional view explanatorily showing the peripheral portion of the electrode terminal- 
Fig. 5 is a partially cross-sectional view explanatorily showing the peripheral portion of an electrode terminal in a 
conventional fluid sensor; 

Figs. 6A and 6B show another example of a fluid sensor in accordance with the present invention, in which Fig 
6A is a schematically perspective view of the fluid sensor, and Fig. 6B is a schematically exploded view of the fluid 
sensor; 

Figs. 7A and 7B show another example of a fluid sensor in accordance with the present invention in which Fig 
7 A is a schematically perspective view of the fluid sensor, and Fig. 7B is a schematically exploded view of the fluid 
20 sensor; 

Figs. 8A and 8B show another example of a fluid sensor in accordance with the present invention in which Fig 
8A is a schematically perspective view of the fluid sensor, and Fig. 8B is a schematically exploded view of the fluid 
sensor; 

Figs. 9A and 9B show another example of a fluid sensor in accordance with the present invention in which Fig 
9A is a schematically perspective view of the fluid sensor, and Fig. 9B is a schematically exploded view of the fluid 
sensor; 

Figs. 1 0A and 1 0B show another example of a fluid sensor in accordance with the present invention in which Fig 
1 0A is a schemaflcally perspective view of the fluid sensor, and Fig. 1 0B is a schematically exploded view of the 
fluid sensor; 

Figs. 11 A and 11 B show another example of a fluid sensor in accordance with the present invention in which Fig " 
11 A is a schematically perspective view of the fluid sensor, and Fig. 11B is a schematically exploded view of the 
fluid sensor; 

Figs. 12A and 12B show another example of a fluid sensor in accordance with the present invention in which Fig 
12A is a schematically perspective view of the fluid sensor, and Fig, 1 2B is a schematically exploded view of the 
35 fluid sensor; 

Figs. 1 3A and 13B show another example of a fluid sensor in accordance with the present invention in which Fig 
1 1 3A , s a schematically perspective view of the fluid sensor, and Fig. 1 3B is a schematically exploded view of the 
fluid sensor; 

Figs. 14A and 14B show another example of a fluid sensor in accordance with the present invention in which Fig 
14A is a schematically perspective view of the fluid sensor, and Fig. 1 4B is a schematically exploded view of the 
fluid sensor; 
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Figs. 15A and 15B show another example of a fluid sensor in accordance with the present invention in which Fig 
15A is a schematically perspective view of the fluid sensor, and Fig. 1 5B is a schematically exploded view of the 
fluid sensor; . . . 

Figs. 16A and 16B show another example of a fluid sensor in accordance with the present invention in which Fig 
16A is a schematically perspective view of the fluid sensor, and Fig. 1 6B is a schematically exploded view of the 
fluid sensor; 

Figs. 1 7 A and 1 7B show another example of a fluid sensor in accordance with the present invention in which Fig 
17A is a schematically perspective view of the fluid sensor, and Fig. 1 7B is a schematically exploded view of the 
50 fluid sensor; . 

Figs. 18A and IBB show another example of a fluid sensor in accordance with the present invention in which Fig 
1BA is a schematically perspective view of the fluid sensor, and Fig. 1 SB is a schematically exploded view of the 
fluid sensor; 

Figs. 1 9A and 1 9B show another example of a fluid sensor in accordance with the present invention in which Fig 
1 ■ 9A is a schematically perspective view of the fluid sensor, and Fig. 1 9B is a schematically exploded view of the 
fluid sensor; 

Figs. 20A and 20B show another example of a fluid sensor in accordance with the present invention in which Fig 
20A is a schematically perspective view otthe fluid sensor, and Fig. 20B is a schematically exploded view of the 
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fluid sensor; 

Figs. 21 A and 21 B show another example of a fluid sensor in accordance with the present invention, in which Fig. 
21 A is a schematically perspective view of the fluid sensor, and Fig. 21 B is a schematically exploded view of the 
fluid sensor; 

5 Figs. 22A and 22B show another example of a fluid sensor in accordance with the present invention, in which Fig. 

22A is a schematically perspective view of the fluid sensor, and Fig. 22B is a schematically, exploded view of the 
fluid sensor; 

Figs. 23A and 23B show another example of a fluid sensor in accordance with the present invention, in which Fig. 
23A is a schematically perspective view of the fluid sensor, and Fig. 23B is a schematically exploded view of the 
io fluid sensor; 

Figs. 24A and 24B show another example of a fluid sensor in accordance with the present invention, in which Fig. 
24A is a schematically perspective view of the fluid sensor, and Fig. 24B is a schematically exploded view of the 
fluid sensor; 

Figs. 25A and 25B show another example of a fluid sensor in accordance with the present invention, in which Fig. 
is 25A is a schematically perspective view of the fluid sensor, and Fig. 25B is a schematically exploded view of the 

fluid sensor; 

Figs. 26A and 26B show another example ot a fluid sensor in accordance with the present invention, in which Fig. 
26A is a schematically perspective view of the fluid sensor, and Fig. 26B is a schematically exploded view of the 
fluid sensor; and 

20 Figs. 27A and 27B show another example of a fluid sensor in accordance with the present invention, in which Fig. 

27A is a schematically perspective view of the fluid sensor, and Fig. 27B is a schematically exploded view of the 
fluid sensor. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 

Now, a description will be given in more detail of preferred embodiments of the present invention with reference 
to the accompanying drawings. 

Figs. 1A and 1 B show an example of a fluid sensor in accordance with the present invention, in which Fig. 1 A is 
a schematically perspective view of the fluid sensor, and Fig. 1 B is a schematically exploded view of the fluid sensor. 
30 Fig. 2 is a cross-sectional view explanatorily showing an example of a sensor device. 

In the figures, a sensor device 1 includes a flat base body 2 having a vibrating portion 7, and a piezoelectric element 
3 which is fixed onto one surface 7s of the vibrating portion 7. An inner space 5 is defined in the flat base body 2 so 
that the vibrating portion 7 is thinned. Although being not shown, the inner space 5 is structured such that a fluid to be 
measured is led to the inner space 5 through a hole or the like formed in. a part ol the base body 2. The piezoelectric 
35 element 3 includes a piezoelectric film 4 and a pair of electrodes 5a and 5b between which the piezoelectric film 4 is 
interposed. Also, an electrode terminal 6 which is electrically connected to the pair of electrodes 5a and 5b is formed 
on the surface of the flat base body 2. 

A coating material 8 which is formed of a glass printed layer is disposed on the surface of the flat base body 2 on 
which the electrode terminal 6 is disposed so as to cover a peripheral portion that surrounds the electrode terminal 5. 
40 a hollow-out portion 9 where a portion corresponding to the electrode terminal 6 is hollowed out is lormed on the 
coating material 8. It should be noted that a hollow-out portion 17 where a portion corresponding to the piezoelectric 
element 3 of the flat base body 2 is hollowed out is also formed on the coating material 8, and the upper portion of the 
hollow-out portion 17 is covered with and fixed to a cover 16 which is made of a ceramic material such as Zr0 2 . 

An 0-ring 1 2 which is a sealing member formed so as to surround the electrode terminal 6 is held between the flat 
45 base body 2 and a presser plate 14a so as to correspond to the hollow-out portion 9 of the coating material 8. A lead 
wire 11 having a plate spring shaped terminal 10 at its top is held to penetrate the presser plate 14a in such a manner 
that it is in contact with the electrode terminal 6. Also, for accommodating a side of the flat base body 2 where no 
electrode terminal 6 is formed, a depression 15 is defined in the presser plate 14b. 

As described above, the 0-ring 12 is held between the surface of the flat base body 2 in the periphery of the 
so electrode terminal 6 or the surface of the coating material 8 and the surfaces of the presser plates 1 4a, 1 4b, to thereby 
hold the electrode terminal 6 of the flat base body 2 gas-tightly and/or liquid-tightly with respect to the fluid to be 
measured. 

A gap between the presser plate 14a and the lead wire 11 is kept in a liquid seal state in such a manner that the 
gap is filled with a sealing material which is liable to adhere to both the presser plate 14a and the lead wire 11, these 
55 members are fitted to each other so that the gap is made substantially zero, or these members are integrally molded. 

Figs. 3A to 3C show an example of a fluid sensor in the case where the periphery of the flat base body is sealed, 
in which Fig. 3A is a schematically perspective view of the fluid sensor; Fig. 3B is a schematically exploded view thereof, 
and Fig. 3C is a schematically cross-sectional view thereof. Fig. 4 is a partially cross-sectional view explanatorily 
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showing the peripheral portion of the electrode terminal. 

In the example shown in Fig. 3A to 3C, in order that the electrode terminal 6 existing on an end portion of the 
surface of the flat base body 2 is held gas-tightly and/or liquid-tightly with respect to the fluid, the periphery of the flat 
base body 2 is coated with a sealing member 1 3 : and both surfaces of the sealing member 1 3 are fixedly held between 
$ a pair of presser plates 18a and 18b, to thereby hold the electrode terminal 6 gas and/or liquid tightly with respect to 
the fluid to be measured.. The base body 2 has a sealing layer on its surface, corresponding to the sealing layer 8 of 
Fig. 1. 

Even in this example, the presser plates 18a, 18b and the lead wire 11 are structured in a liquid seal state as in 
the above example of Fig. 2, and in addition, the peripheries of the presser plates 18a and 18b are adhered with 
io adhesive, or the sealing member 13 is extended, whereby the electrode terminal 6 is held gas-tightly and/or liquid- 
tightly with respect to the fluid to be measured. 

It should be noted that in this example, because there is the possibility that the reliability of sealing on the thick 
(step) portion of the sensor device 1 by the sealing member 1 3 is poor, it is important to select a material rich in flexibility 
as a material of the sealing member 1 3. Regarding this matter, the example shown in Figs. 1 A and 1B does not suffer 
is from such a problem that the reliability of sealing is poor because of the thickness of the sensor device 1 , thereby being 
capable of surely sealing the electrode terminal 6 gas-tightly and/or liquid-tightly with respect to the fluid. 

In the fluid sensor according to the present invention, the base body 2 is preferably flat-shaped : but may be bar- 
shaped or pipe-shaped. Also, the material of the base body 2 is preferably ceramics, and more preferably a material 
mainly containing zirconia and alumina therein. 
20 The vibrating portion 7 is preferably in the form of a plate which is suitable lor vibrations, and the piezoelectric 

device 3 is disposed on one surface of the vibrating portion 7. 

The piezoelectric device 3 includes the piezoelectric film 4 and a pair of electrodes 5a and 5b between which the 
piezoelectric film 4 is interposed. When a voltage is applied to the piezoelectric film 4 through the pair of electrodes 
5a and 5b, dielectric polarization is developed with the result that the piezoelectric element 3 flexibly vibrates in the 
25 thickness direction of the piezoelectric film 4 and the vibrating portion 7 together with the vibrating portion 7. 

The electrode connection member 1 0 such as a plate spring shaped terminal is disposed on a top of the lead wire 
11 that penetrates the presser plate 14a, and the electrode connection member 10 and the electrode terminal 6 are in 
contact with each other. 

The method of contacting the electric connection portion 1 0 with the electrode terminal 6 may be a method in which 
30 the electric connection member 10 is formed of an electrode pole or the like which is made of a material which is liable 
to be deformed by a mechanical stress so that the electrode pole is deformed to ensure conduction by a mechanical 
contact, or a method in which the electric connection member 10 is formed of a flowabilitive conductive member such 
as a solder or an electrically conductive paste, and the conductive member is solidified to ensure conduction, other 
than the mechanical method using the plate spring terminal or the like as the electric connection member 10. 
35 The coating material 8 is disposed so as to cover at least a side of the piezoelectric element 3 with respect to the 

electrode terminal 6 on the surface of the flat base body 2 on which the electrode terminal 6 is disposed. 

The coating material 8, in the case where the electrode terminal 6 is disposed on the surface of the flat base body 
2, need not always have an area equivalent to the surface of the flat base body 2 if the coating material 8 is structured 
so as to cover the electrode terminal 6, and the hollow-out portion 9 for the electrode terminal and the frame-shaped 
40 hollow-out portion 17 for the cover are preferably formed on both ends of the coating material 8. It should be noted 
that the frame-shaped hollow-out portion 17 for the cover is not always required if it is so arranged as to prevent the 
coating material 8 from being in direct contact with the piezoelectric element 3. 

The kind of material of the coating material 8 is not particularly limited, but it is preferably made of-glass, organic 
resin, ceramics, etc. 

45 it should be noted that because the base body 2 is preferably made of ceramics, it is more preferable that the 

coating material 8 is made of glass from the viewpoint of adhesion. 

In this case, it is preferable that the coating material 8 made of glass is disposed on the base body 2, then the 
cover 16 is located so as to cover the hollow-out portion 17, and thereafter they are melted by heating so that the 
coating material 8 adheres to the base body 2 as well as the cover 16. Also, in the case where the cover 16 is not 

50 disposed, it is preferable that the hollow-out portion 17 of the coating material 8 is omitted, and after a material that 
disappears by heating is disposed between the coating material 8 of the portion corresponding to the hollow-out portion 
17 and the piezoelectric element 3, they are heated so that a space is provided between the piezoelectric element 3 
and the coating material 8, and simultaneously the coating material 8 is made to adhere to the base body 2. 

The sealing member 12 is preferably formed of the 0-ring as shown in Fig. 1B, but it is not limited thereto, and any 

55 member which is structured to surround the electrode terminal 6 can be used as the sealing member 12 without any 
problem. 

The 0-ring 12 that forms the sealing member is held between the presser plate 14a and the coating material 8, as 
a result of which the 0-ring 1 2 is elastically deformed by the surface of the coating material 8 and the surfaces of the 
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presser plates 1 4a, 14b so that the gas is closed, thereby being capable of surely holding the lead wire 11 , the electrode 
connection member 1 0 and the electrode terminal 6 gas-tightly and/or liquid-tightly with respect to the fluid to be meas- 
ured. 

It is preferable that the material of the sealing members 12 and 13 is a material excellent in elastic deformation. 
5 However, there arises no problem if the material can hold the electrode connection member 10 and the electrode 

terminal 6 gas-tightly and/or liquid-tightly with respect to the fluid to be measured even though it is plastic -deformed. 

The material of the sealing members 12 and 13 which satisfies the above conditions is, for example, a rubber 
material such as fluoro rubber acrylate rubber, silicon rubber, butyl rubber, nitrile rubber, or urethane rubber, an organic 
resin such as soft vinyl chloride, polyester or urethan. 
70 With the provision of only one of the presser plates 14a and 14b, the base body may be supported by the single 

presser plate. However it is preferable that as shown in Fig. 1 B, the presser plates 14a and 14b are disposed on both 
sides of the flat base body 2 to hold the flat base body 2 therebetween because seal can be more surely achieved. 

In the case where the presser plates 14a and 14b are used on both sides of the flat base body 2, as shown in Fig. 
1 B, bolts 20 are made to penetrate holes 21 defined in the presser plates 1 4a and 1 4b, respectively, and then screwed 
is with nuts 22, thereby being capable of holding the presser plates 14a and 14b. 

As other methods, there can be used a method in which after bar-shaped bodies made of an organic resin are so 
arranged as to penetrate holes 21 defined in the presser plates 14a and 14b, respectively, parts protruded from the 
presser plates 14a and 14b are deformed by heating while a pressure is applied to the presser plates 14a and 14b, 
thereby holding the presser plates 14a and 14b, or a method in which the presser plates 14a and 14b are pressed by 
20 claws provided on the presser plates 14a and 14b so that those claws are entwined with each other, thereby holding 
both the presser plates 14a and 14b. However, if there is used a member which can firmly hold the flat base body 2 
and other members, it is not particularly limited. 

It is preferable that as shown in Fig. 3C, the presser plates 18a and 18b are disposed on both sides of the flat 
base body 2, and held by the sealing member 13 coated on the periphery of the flat base body 2. 
25 in this case, it is preferable that the presser plates 18a and 18b is of a shape which is liable to be integrated with 

the flat base body 2 coated with the sealing member 1 3, and which copes with the elastic change of the sealing member 
13. 

The material of the presser plate 14 is not particularly limited, but preferably made of ceramics, glass, organic 
resin or the like. The material of the presser plate 14 is more preferably made of vinyl chloride, polyester, ABS, acrylic 
30 or polypropylene, and most preferably made of the same material as the coating material of a coated lead wire, from 
. the viewpoint of the costs. 

The means for holding the flat base body is not limited to a plate body such as the above presser plate, for example, 
the flat base body may be held between two kinds of support members 23 and 24 one of which is fitted into the other 
as shown in Figs. 6A and 6B (In this specification, these support members are called "standard type" in comparison 
35 with 'box type" which will be described later). 

The flat base body 2 is set in a recess 25 of one support member 23 and held by another support member 24, and 
then shaft bodies 28 are made to penetrate holes 26 and 27 defined in these two different members 23 and 24 in such 
a manner that these two different support members 23 and 24 are fixed to each other in a state where the flat base 
body 2 is held between those support members 23 and 24. 
40 With the above structure, the shapes of parts are simplified, thereby being capable of reducing the number of 

members, simplifying the process and improving in corrosion resistance. 

As the shape of the support members, box-type members 29 and 30 shown in Figs. 7A and 7B may be used, an 
opening portion 31 into which the flat base body 2 is inserted may be in the member 29. Also, as shown in Figs. 8A, 
8B and 9A, 9B, the support members 23 and 24, 24 and 29 may turn upside down, respectively. 
45 The sectional shape of the shaft body 28 may be circular, oval or polygonal, however, a polygon (for example, 

triangle 32) shown in Figs. 1 0A and 10B is preferable because an accuracy in assembling can be improved without 
rotation around a shaft. Further, a quadrangular plate body 33 which is capable of readily increasing a sectional area 
as shown in Figs. 11 A and 11B is most preferable. 

Also, in the case of using a quadrangular plate body 33, hole portions 34 and 35 may be in the form of slits such 
50 that they extend over the whole length of the support members 29 and 30. With this structure, the plate bodies 33 are 
more readily built into the support members 29 and 30. 

It should be noted that the sectional shape of the plate body 33 need not be identical along the longitudinal direction 
as a whole : and may be tapered or of a discontinuous shape. 

Also, the modification of the structure is permitted, for example, such that screw thread is formed on the shaft 
55 bodies 28 or organic resin is made to flow into holes 26 and 27 instead of the shaft bodies 28 and then solidified. 

The holes 26 and 27 penetrated by the shaft bodies 28 are limited to a singular number but may be plural as shown 
in Figs. 1 3A and 13B. With this structure, the strength and durability of the joint portion of the flat base body 2 are 
improved. 
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Also, it is not always necessary that the shaft bodies 28 penetrate both the support members 23 and 24 and as 
shown in Figs. 14A and 14B, the shaft bodies 28 that penetrate the support member 23 are allowed to pass through 
both ends of the support member 24 so that the respective members are fixed. 

Furthermore, the holes 26 and 27 are defined in a direction transverse to a direction along which the flat base 
* body 2 is protruded. However, in the case of using the box-type support members 29 and 30; the holes 26 and 27 may 
be defined in a direction identical with a direction along which the flat base body is protruded as shown in Fiqs 15A 
and 15B. / 

Also, as shown in Fig. 16C, the shaft bodies 28 are inserted into the support member under the condition where 
an angle G with respect to a direction of repulsion of the 0-ring satisfies 0 D < 9 < 90°, with the result that the coupling 
10 of the support members with each other becomes firm. 

It should be noted that in order to improve the gas and/or liquid-tight of the 0-ring sealing portion, an elastic member 
36 such as a plate spring, a rubber sponge or a spring washer can be inserted between the flat base body 2 and the 
support member 24. 

The shape of the support member, the shape of the shaft body, the insert direction of the shaft body and the use 
of the elastic member can be appropriately selected in combination. Table 1 exhibits its combination example and 
corresponding figure No. 
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The cover 16 is used for protecting the piezoelectric element 3, and not essential and arbitrarily selected. The 
material of the cover 16 may be selected from any one of metal, synthetic resin, ceramics or the like. However, it is 
preferably ceramic such as 2r0 2 from the viewpoint of corrosion resistance. It should be noted that the coating material 
8 made of organic resin or glass is joined between the cover 16 and the flat base body 2 as an adhesive layer, and in 
the case where the cover 16 and the flat base body 2 in addition to the coating material 8 are made of ceramic, these 
elements can be integrated by sintering. 

With the above structure, in the case of using a fluid of strong acid such as sulfuric acid or strong base such as 
sodium hydroxide aqueous, the cover 16 allows the piezoelectric element 3 and those liquid to be further isolated from 
each other. 

As a preferred embodiment of the present invention, ceramic such as zirconia or glass is heated singly or in com- 
bination so that a space is formed in the upper portion of the piezoelectric element on the tip of the sensor device, 
thereby holding the piezoelectric element portion gas-tightly and/or liquid-tightly with respect to the fluid to be measured.' 
Also, the coating material such as glass or ceramic is heated, and a part of the electrode terminal on the piezoelectric 
element side which will be coated is coated with the heated coating material simultaneously when a part of the electrode 
terminal is exposed. Then, the sealing member is held between the surface of the coating material such as glass or 
ceramic in the periphery of the above exposed electrode terminal and the surface of the presser plate, to thereby hold 
the electrode terminal gas-tightly and/or liquid-tightly with respect to the fluid to be measured. 

Hereinafter, examples of the present invention will be described in more detail, but the present invention is not 
limited to or by those examples. 

(Example 1) 



A sensor device 1 which has a tip structure shown in Fig. 2 and an electrode terminal 6 exposed from its surface, 
and is made of zirconia was fabricated by repeating a print sintering. 
2S a coating material 8 of a shape shown in Figs. 1 A and 1 B was printed on the upper portion of the sensor device 

1 by glass paste, and a plate 16 made of zirconia was mounted on the upper portion of a hollow-out portion 17, and 
thereafter they were sintered at 700 °C as a whole, thereby forming a device in which the entire electrode terminal was 
coated with glass and zirconia except for the rear end portion (the hollow-out portion 9) of the electrode terminal 6. 
Subsequently, as shown in Figs. 1A and 1B, after a presser plate 14a made of vinyl chloride, a sealing member 
30 12 made of butyl rubber and the sensor device 1 were positioned, bolts 20 and nuts 22 made of vinyl chloride were 
fastened in such a manner that the electrode terminal was held gas-tightly and/or liquid-tightly by the sealing member 
12, the presser plate 14a and the glass surface on the surface of the sensor device 1. 

Also, an adhesive made of vinyl chloride was supplied between the presser plate 14a and a lead wire 11 coated 
with vinyl chloride, resulting in a structure where the space in the electrode terminal portion was completely gas and/ 
35 or liquid tightly sealed with respect to the fluid to be measured. 

As a result that the entire sensor thus structured was submerged in sulfuric acid aqueous of 50 % at 60 °C for 
three months, and its gas-tightness and/or liquid-tightness was measured, the submergence of sulfuric acid into the 
sensor was not recognized at all. 

40 (Example 2) 

Through the same method as that in Example 1, a device in which the entire electrode terminal was coated with 
glass and zirconia was formed. 

Subsequently, as shown in Figs. 11 A and 11 B, after support members 23 and 24, a sealing member 12 made of 
45 butyl rubber and the sensor device 1 were positioned, a quadrangular plate shaft body 33 was inserted into the support 
members 23 and 24 in such a manner that the electrode terminal was held gas-tightly and/or liquid-tightly by the sealing 
member 12, the support plates 23, 24 and the glass surface on the surface of the sensor device 1. 

Also, an adhesive made of vinyl chloride was supplied between the support plate 23 ; 24 and a lead wire 11 coated 
with vinyl chloride, resulting in a structure where the space in the electrode terminal portion was completely gas-tightly 
50 and/or liquid-tightly sealed with respect to the fluid to be measured. 

As a result that the entire sensor thus structured was submerged in sulfuric acid aqueous of 50 % at 60 °C for 
three months, and its gas-tightness and/or liquid-tightness was measured, the submergence of sulfuric acid into the 
sensor was not recognized at all. 

As was described above, according to the fluid sensor of the present invention, the electrode terminal portion for 
55 extracting a signal from the sensor device to the exterior can be readily and firmly held gas-tightly and/or liquid-tightly 
with respect to the fluid. Hence, the present invention can be preferably applied particularly to a fluid sensor that 
actuates in a corrosive fluid such as sulfuric acid in a lead storage battery, in a polar solvent, or in a solution using the 
polar solvent. 
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The foregoing description of a preferred embodiment of the invention has been presented for purposes of illustration 
and description. It is not intended to be exhaustive or to limit the invention to the precise form disclosed, and modifi- 
cations and variations are possible in light of the above teachings or may be acquired from practice of the invention. 
The embodiment was chosen and described in order to explain the principles of the invention and its practical application 
to enable one skilled in the art to utilize the invention in various embodiments and with various modifications as are 
suited to the particular use contemplated. 



Claims 
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1. A fluid sensor, comprising: 

a base body having a vibrating portion; 

a piezoelectric element which is fixed onto one surface of said vibrating portion andhas a piezoelectric film 
75 and at least a pair of electrodes which are disposed in contact with said piezoelectric film; 

an electrode terminal which is disposed on the surface of said base body and electrically connected to one of 
said electrodes; 

a coating material which is disposed on the surface ol said base body in the periphery of said electrode terminal; 
a presser member; and 

20 a sealing member which is held between said base body and said presser member; 

wherein said electrode terminal is held gas-tightly and/or liquid-tightly with respect to a fluid to be measured 
by holding said sealing member between said coating material and said presser member 

25 . 2. A fluid sensor as claimed in claim 1 , further comprising a lead wire that penetrates said presser member: and an 
electrode connection member disposed at the end of said lead wire; 

wherein said electrode connection member and said electrode terminal are. in contact with each other. 



30 



35 



40 



3. A fluid sensor as claimed in claim 1 or 2, wherein said base body is in the form of a flat plate and made of ceramics. 

4. A fluid sensor as claimed in claim 1, 2 or 3, wherein said sealing member surrounds said electrode terminal on 
the surface of said base body. 

5. A fluid sensor as claimed in claim 4, wherein said sealing member is in the form of an O-ring. 
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FIG. 3 A 



FIG. 3 B 
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FIG. 6 A 
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F I G. 7 A 
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FIG, 8 A 
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FIG.. I 0 A 
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